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Improved optical read*out 

Technical field of the invention 

The present invention relates to an arrangement for read-out of information 
from an optical information carrier, wherein the optical read-out is improved by a 
non-linear element in the form of a vertical-cavity surface-emitting laser (VCSEL). 
5 The invention also relates to an optical drive comprising such arrangement, and to the 
use of a VCSEL for enhancing read-out of information. 

Background of the invention 

The read-out signal from an optical information carrier is typically noisy due 

10 to various reasons. For example, the light source used for illuminating the information 
carrier is typically of low power, making the device particularly sensitive to noise. 
Moreover, the amoimt of reflected light can vary imexpectedly due to a non-uniform 
reflectivity of the information carrier. In addition, detector noise may be an important 
limiting factor to the quality of the optical read-out. 

15 Therefore, it has been proposed a number of measures to increase the power 

and/or signal to noise ratio of the optical read-out signal reflected from the 
information carrier. One such proposal has been to use injection of light from a 
master laser into a slave laser, after the light from the master laser has been reflected 
from, and thereby modulated by, the surface of the information carrier. By the known 

2 0 phenomenon of injection-locking of diode lasers, a large amplitude optical read-out 
signal can thus be obtained. 

' In future hig^-density optical disc-drives, such as for blu-ray discs and SFFO- 
discs (Small Form Factor Optical discs), detector noise severely hampers the 
information read-out In facU the detector noise is the dominant source of noise in 

2 5 these devices. In order to cope widi this problem, it has been proposed to amplify the 

light incident upon the detector by the use of some non-linear optical element (NOE). 
One implementation of the NOE for this purpose that seems promising is the use of a 
vertical-cavity surface-emitting laser (VCSEL). However, when light is injected into 
a VCSEL in order to achieve injection locking, the emitted light fix>m the VCSEL is 

3 0 coimter-propagating to the injected hght Although this can be handled, it results in an 

increased complexity of the light-path of the device. 

Thus, there is a need in the art for an VCSEL based optic^ system for read- 
out of information from an optical information carrier, which system has a reduced 
complexity. 
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SiimTnary n f the invention 

Traditionally, VCSELs are grown on a non-transparent substrate, which 
means that the light rays injected into the VCSEL and the light rays emitted by the 
5 VCSEL are counter-propagating. The complexity of a read-out device incorporating a 
VCSEL for enhancing the quality of the lead-out signal is therefore quite large. This 
can be particularly problematic for SFFO-discs, and is a general drawback in terms of 
design. 

Therefore, it is an object of the present invention to provide an optical system 

10 in which a VCSEL is used as a non-linear optical elCTient for improving the signal to 
noise ratio of the optical read-out signal, wherein the VCSEL is integrated with a 
reduced complexity compared to the prior art. 

Previously, light reflected from an optical disc has been injected into the 
VCSEL, which in turn emits linearly polarized light of a power much larger than the 

15 injected power. In this way, flie light reflected &om the disc is amplified. The light 
emitted by the VCSEL (sudi as the power and polarization thereof) is detected in 
order to retrieve the information contained in the light reflected from the disc. 

However, and as mentioned above, VCSELs are typically grown on a 
substrate which absorbs or reflects the emitted light, such that light is effectively only 

20 emitted m one direction from the VCSEL. When a VCSEL of this kind is integrated 
into the detection branch of the light-path in an optical read-out device, the Ught rays 
injected into the VCSEL and the light rays emitted by the VCSEL are counter- 
propagating. Hence, this is the root of the large complexity for the optical set-up of 
the device. Namely, since these rays are coimter-propagating, some additional 

25 distinguishing means must be introduced. For exaniple, this can be done by arranging 
a beam splitter, such as a dichroic mirror or a polarizing beam splitter, in the beam- 
path in front of the VCSEL. Such beam splitter is typically designed to transmit the 
light used for injection (i.e. the light reflected from the optical disc) and to reflect the 
emission from the VCSEL. 

30 To reduce the required complexity of the light-path, it is proposed according 

to the present invention to use a VCSEL having the ability to emit light in two 
directions. To fliis end, the invention proposes the use of a VCSEL having a 
transmitting substrate, such that emission can exit the VCSEL in two directions. 
Therefore, the need for the above-mentioned distinguishing means in die form of a 

3 5 beam splitter is entirely eliminated and the complexity of the read-out device is 
reduced. 
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According to a first aspect of the present invention, an arrangement for read- 
out of infonnation from an optical information carrier as set forth in claim 1 is 
provided. 

According to a second aspect of the present invention, an optical drive as set 
5 forth in claim 5 is provided. 

According to a third aspect of the present invention, the use of a vertical- 
cavity surface-emitting laser (VCSEL) capable of receiving injection light from a first 
side and emitting light from a second, opposite side for enhancing read-out of 
information from an optical infonnation carrier is provided as set forth in claim 6. 
10 In a first embodiment of the present invention, the substrate of the VCSEL is 

made transmitting simply by providing a hole through the substrate, for example by 
drilling or etching. Light generated by the VCSEL can then exit in two counter- 
propagating directions. 

In a second embodiment of the present invention, the substrate of the VCSEL 
15 is selected to be of a mat^al which is transparent to the wavelength emitted by the 
VCSEL. For example, such material could be gallium-phosphate (GaP) or sapphire 
(AI2O3). However, various other materials are also conceivable. The VCSEL could 
either be grown directly on a transparent substrate, or be provided with a transparent 
substrate after the VCSEL has been grown. 

2 0 Hence, the basic idea of the present invention is the incorporation of a VCSEL 

into an arrangement for read-out of infonnation fix>m an optical information carrier, 
wherein said VCSEL is capable of receiving injection light from a first side and 
emitting light from a second side opposite to said first side. The infonnation carrier is 
illuminated by a light source, and the light reflected from (and thereby modulated by) 
25 the information carrier is injected into the VCSEL from the firet side. This injection 
of light into the VCSEL causes the emission of secondary light from the VCSEL,^ 
which light is at least partly emitted through the second side of said VCSEL and 
monitored for read-out. In this way, the need for beam splitters or the like in order to 
separate the injected light from the secondary light emitted by the VCSEL is 

3 0 eliminated, since the injected light and the secondary light emitted by the VCSEL 

propagates in substantially the same direction. 

Brief description of the drawings 

Different features and advantages of the present invention will be better 
3 5 understood from the following detailed description of preferred embodiments, where 
reference is made to the accompanying drawings, on which: 

Fig.l schematically shows a cross-section of a typical VCSEL; 



Fig.2 schematically shows the detection branch in a prior art optical read-out 
system, wherein a VCSEL is employed for improving the read-out signal; 

Fig.3 schematically shows the detection branch in an optical read-out system 
according to the present invention; 

Fig,4 schematically shows a VCSEL according to a first embodiment of the 
present invention; and 

Fig.5 schematically shows a VCSEL according to a second ^bodiinent of the 
presCTt invention. 

Detailed description of preferred embodiments 

In order to give a clear description of the embodiments of the present 
invention, an arrangement according to the prior art will be described by way of 
introduction and with reference to figures 1 and 2 of the drawings. 

Fig.l shows a cross-section of a typical vertical-cavity surface-emitting laser 
(VCSEL) 10. The VCSEL comprises an active region 1 1 having multiple quantum 
wells and barriers, which active region is surrounded by a first and a second 
distributed Bragg reflector (DBR) 12 and 13 to provide optical feedback to the active 
region. Adjacent the active region of the VCSEL, there are typically provided oxide 
layers 14 for defining the mode for the laser. Moreover, metal contacts 15 are 
provided for electrical connection to the VCSEL. The VCSEL is grown on a 
semiconductor substrate 16, typically gallium-arsenide (GaAs). The emission firom 
the VCSEL is of a wavelength which is normally absorbed in flie semiconductor 
substrate. Therefore, emission of light &om the laser takes place in one direction only, 
as indicated by the am>w in the figure. 

Fig.2 shows a set-up for VCSEL assisted read-out firom an optical information 
carrier (not shown), such as an optical disc. Light reflected from the optical disc is 
passed through a beam splitter 21 and then injected into the VCSEL 10. For practical 
reasons, the emission wavelength for the VCSEL is typicaUy selected to be 
substantially longer than the wavelength of the injected light. Light of a shorter 
wavelength than the emission wavelength for the VCSEL can easily be coupled into 
the cavity, such that this injection creates electron-hole pairs in the active region of 
the VCSEL and tiiereby increases the gain of the laser. If siifficient amount of light is 
injected mto the active region of the VCSEL, the gain of the VCSEL will become 
higher than the lasing threshold and emission will start. Preferably, the injected light 
has a polarization that is different from the free-running (i.e. without injection) 
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polarization of the VCSEL, such that sufficient injection leads to a polarization 
switch for the light emitted from the VCSEL. This emission, occurring in a direction 
that is coimter-propagating to the incident light, will impinge upon the beam splitter 
21 and, due to its wavelength being longer than that of the injected li^t or its 
5 polarization orthogonal, reflect towards a polarizer 22 and a detector 23. Depending 
on the circimistances, the beam splitter could be a dichroic mirror or a polarizing 
beam splitter. 

A first way of employing the VCSEL 10 is what we here call polarization- 
switching. This is based on using the injected light to increase the gain for a 
10 polarization mode that is orthogonal to the free-running (i.e. without injection) mode 
of the VCSEL, such that a switch in polarization mode is obtained for the VCSEL 
when the injected light is sufficiently high in power. By passing the emission from 
the VCSEL through a polarizer (such as polarizer 22), it is straightforward to detect 
whether such polarization-switching has occurred or not. 
15 A second way of employing the VCSEL 1 0 is what we call threshold- 

switching. In this case, tibie VCSEL is driven just below its lasing threshold. When 
sufficient amotmt of light is injected into the VCSEL, the gain increases to above the 
lasing threshold, and the VCSEL starts to emit light. 

Common to both the above ways of using the VCSEL for improving the 
2 0 optical read-out, is that a certain level of injected light is required in order to achieve 
a switching of the VCSEL. 

If the amount of injected light is low, the VCSEL 10 will not be affected. If 
polarization-switching is employed, the VCSEL will still emit in its fiee-nmning 
polarization mode. If threshold-switching is employed, the gain of the VCSEL will 
25 still be below the lasing threshold. Hence, substantially no light from the VCSEL 10 
reaches the detector 23. 

As soon as the amount of injected light is sufficiently high, the VCSEL 10 
will switch as described above. This switch is detected, and the information contained 
in the injected light can be extracted. One very beneficial characteristic of this scheme 
30 is that the power emitted by the VCSEL is typically much higher than the power of 
the injected light. Hence, the read-out is improved and the signal to noise ratio for the 
read-out is increased. 

As shown in Fig.2, however, a set-up comprising a beam splittw 21 and dual 
beam-paths must be implemented in order to use this scheme. 
35 According to the embodiments of the present invention, use is made of a 

VCSEL emitting in two directions. The requirement of using a beam splitter is thus 
completely eliminated, and the design of the device can be made more compact 
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Fig3 of the drawings schematically shows this simplified set-up according to 
the present invention. The two-way emitting VCSEL 30 is positioned in fi-ont of a 
polarizer 31 and a photodetector 32. In its fi-ee-running state, light fi-om the VCSEL 
30 has a polarization that is blocked by the polarizer 31. Therefore, without sufficient 
injection of ligfht into the VCSEL, no light reaches the detector 32. When sufficient 
amount of light is injected into the VCSEL, the emission will switch to another 
polarization state, such that the emitted light passes through the polarizer 3 1 . Such 
light will then immediately be detected by tiie photodetector 32, 

In an alternative CTibodiment, threshold-switching is employed. In this case 
the polarizer 31 is optional, since the VCSEL does not emit any light unless sufficient 
injected power is present Any lasing emission from the VCSEL then emanates from 
injection, and the emitted Ught can be detected by means of the detector 32. 

It should be noted that the light injected into the VCSEL is generally of a 
wavelength different from that emitted by the VCSEL. Therefore, the emission from 
the VCSEL will not interfere with the information read-out. As stated above, the 
injected light typically has a shorter wavelength compared to the emission 
wavelength of the VCSEL. 

Although, according to the present invention, the VCSEL is capable of 
emitting light in two directions, only light emitted through its back side is used for 
read-out of information. Light emitted through its front side is not used for this 
purpose. So, the VCSEL should be capable of receiving injection light from one side, 
and emitting secondary light from another side, such that the emitted secondary light 
propagates in the same direction as the injected light. Since injection of light should 
be possible through the first side of the VCSEL, there will typicaUy also be some 
emission of secondary ligfht from this side. 

In the following, a number of different ways of providing transmission 
through the substrate of the VCSEL will be described. 

A first and very direct way of transmitting light through the substrate of the 
VCSEL is schematically shown in Fig.4. In the case shown, a hole has been provided 
in the substrate 16, such that light generated in the VCSEL can be emitted through the 
back side of said VCSEL. It should be pointed out that methods for providing a hole 
through the substrate of a VCSEL, by etching or drilling, are known by those skilled 
in the art and will not be explained in further detail here. 



Another way of providing a bottom emitting VCSEL is schematically shown 
in Fig.5. In this case, the semiconductor substrate originally used for the manufacture 
of the VCSEL has been removed and replaced by a substrate 16* that is transparent to 
the emission wavelength of the laser. For example, when the emission wavelength of 
5 the VCSEL is about 830 nm, the transparent substrate could comprise gallium- 
phosphide (GaP) or sapphire (AI2O3). Techniques for removing and replacing the 
substrate are known in the art of semiconductor manufacturing, one example being 
wafer-bonding techniques. 

Moreover, it is possible to originally grow the VCSEL on the transparent 
10 substrate 16Mn this case, the need for replacement of the substrate subsequent to 
growing the VCSEL is eliminated. 

Regardless of the way in which the substrate of the VCSEL 30 has been made 
transmitting, be it by providing a hole in tibe substrate or by having the substrate 
transparent, a detector 32 can conveniently be arranged adjacent the substrate in order 
15 to monitor the output from the VCSEL. Advantageously, the VCSEL and the detector 
can be assembled into a single package, where the VCSEL is integrated onto the 
detector. 

Hence, the present invention provides a very compact read-out arrangement 
which incorporates a vertical-cavity surface-emitting laser (VCSEL) for improving 

2 0 the quality of the read-out signal reflected firom the information carrier. The VCSEL 
has a substrate that transmits the emission from the active regions of the VCSEL. 
Thereby, the need for beam-splitters in the detection branch of the device is 
completely eliminated, and the complexity of the device is reduced. It is envisaged 
that the present invention will have valuable applicability in future high-density 

2 5 optical disc-drives, and in particular in SFFO-disc drives. 



CLAIMS 



1 . An arrangement for read-out of information from an optical information 
carrier, comprising a light source for illuminating said information carrier, and an 
optical system for receiving light reflected from the information carrier and for 
injecting this reflected light into a vertical-cavity surface-emitting laser (VCSEL) 
5 (30), said VCSEL having a front side for receiving said reflected light and a back side 
opposite said front side, wherein the VCSEL is configured to emit light through its 
back side, and wherein a photodetector (32) is provided adjacent said back side to 
detect light enriitted through the back side of the VCSEL. 

10 2. An arrangement as claimed in claim 1, further comprising a polarizer (3 1) 
arranged between said back side of the VCSEL (30) and said photodetector (32) for 
allowing only light of a predetermined polarization to reach the photodetector. 

3. An arrangement as claimed in claim 1 or 2, wherein the VCSEL is configured 
15 to emit light through its back side by way of a hole provided in a substrate of the 

VCSEL. 

4. An axrangem^t as claimed in claim 1 or 2, wherein the VCSEL is configured 
to emit light through its back side by way of a substrate of the VCSEL being 

2 0 transparent to the emitted wavelength. 

5. An optical drive, comprising an arrangement for read-out according to any 
one of the preceding claims. 

25 6. Use of a vertical-cavity surface-emitting laser (V CSEL) capable of receiving 
injection of light from a first side and capable of emitting light from a second side for 
enhancing read-out of information from an optical information carrier, wherein said 
information carrier is illuminated by light from a light source, and light thus reflected 
from the information carrier is injected into the VCSEL from the first side and read- 

3 0 out is performed by monitoring light emitted by said VCSEL from the second side 

opposite said first side. 



ABSTRACT 



An arrangement for read-out of information from an optical information 
carrier is disclosed. The system comprises a VCSEL for improving the signal to noise 
ratio of light reflected from and modulated by an information carrier- The VCSEL has 
a substrate that transmits the emission from the active regions of the VCSEL. 
Thereby, the need for beam-splitters in the detection branch of the device is 
completely eliminated. 
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